INTRODUCTION
Compressional and shear wave velocities have been measured at confining pressures up to 6.0 kbar for a dolostone and a sedimentary breccia from Site 357. Selected elastic properties computed from the velocities and densities are also reported. The dolostone is composed largely of silt-sized dolomite rhombs with significant amounts of micrite and silica cement. The dark greenish-gray breccia is composed of glassy basalt fragments and a few sediment clasts, with a mean grain size of 2-4 mm. The angular to sub angular basalt fragments contain many calcite-filled vesicles and abundant microcrystalline plagioclase and pyroxene. A few larger pyroxene crystals are also present in the basalt and in the matrix, which appears to be composed of silica, clay, and calcite.
In addition, compressional wave velocities were measured at confining pressures up to 1.0 kbar in samples cut parallel and perpendicular to the drill core axes of II zero sections. Porosities and wet bulk densities were also determined. These samples are highly calcareous, ranging from chalk to limestone, and all display significant velocity anisotropy with the high velocities in the horizontal direction.
PROCEDURE
Water saturation and porosity have been recognized as significant variables affecting the elastic properties of rocks (e.g., Wyllie et aI., 1958; Nur and Simmons, 1969) . For sediments, water saturation is a particularly important parameter (Hamilton, 1971) . Thus to ensure maximum water saturation, all samples discussed in this paper were shipped to the shore laboratory in sealed, water-filled containers, and saturation was carefully maintained until all measurements were completed.
Two samples in the form of right circular cylinders, 2.54 cm in diameter and 2.9 to 3.8 cm in length, were cut from adjacent parts of each of 13 zero sections. The cylinders were cut with axes parallel and perpendicular to the drill core axis so sonic velocities could be measured in vertical and horizontal directions with respect to the sediment column.
Because the water-saturated zero section samples proved to be easily damaged in handling, density and porosity measurements were made using wafers 0.5 to 1.0 cm thick, trimmed from the ends of the horizontally cut cylinders. After wet bulk densities were determined by immersion, the samples were weighed to the nearest 0.01 g. Sample volumes were then estimated from the densities and wet weights. Finally, the samples were air dried and weighed again in order to determine the water content, from which porosities were calculated. To check the porosities, sample volumes were also computed from the wafer dimensions. In general, the porosity estimates are accurate to ::1:4%,provided the samples were completely water saturated. The wet bulk densities of Samples 357-25-2,20-23 cm and 357-24, CC were calculated from the weights and dimensions of cylinders cut normal to the drill core axis.
Compressional and shear wave velocities were measured by the pulse transmission method a,s described by Birch (1960) . The accuracies of the measurements are estimated to be 0.5% for compressional and 1.0% for shear waves at pressures of a few kilobars (Christensen and Shaw, 1970) . However, at pressures less than 1.0 kbar, the accuracy is probably on the order of 2%. The samples were wrapped in two layers of 100-mesh copper screen, jacketed with copper foil, and enclosed in rubber tubing to prevent the pressure medium from penetrating the rocks during pressure runs. The purpose of the screen is to ensure that pore pressures are maintained at values much lower than the confining pressure. Samples 357-24, CC and 357-25-2, 20-23 cm were tested at pressures up to 6.0 kbar, while zero section sample measurements were limited to 1.0 kbar. VELOCITY, DENSITY, AND POROSITY RELATIONS Table I includes the compressional wave velocities, porosities, densities, anisotropies, and descriptions for the zero section samples. Densities, compressional and shear velocities, and computed elastic constants for the dolostone (347-24, CC) and breccia (357-25-2, 20-23 cm) are summarized in Table 2 . Listed elastic properties are: the ratio of compressional to shear wave velocity (Vp/ Vs), Poisson's ratio (0"), bulk modulus (K), shear modulus eu), Young's modulus (E), and Lame's constant (A). The equations relating these parameters to density and velocity are summarized by Birch (1961) . A plot of wet bulk density (Pb) versus porosity (cf»for marine sediments of varied lithology by Hamilton (1970) shows a strong linear trend with a mean grain density (Pg) near 2.0 g/ cc. Neglecting the salinity of sea water, the equation relating Pb and cf> for the sediments under discussion should be approximately A least-squares fit of these parameters on the 13 zero section data points (Figure 1 ) yields p = 2.71-1.82 4>
were slightly undersaturated or that some water was trapped in the samples after drying. If grain density is uniform in marine sediments. porosity can be computed directly from water content measured in weight percent by with a correlation coefficient (r) of 0.98. The density of the pore medium estimated from the above expression is 0.89 glee, which suggests that some of the samples where w is weight percent water. Porosities computed using the above relationship and a grain density of 2.7 gjcc show excellent agreement with the measured values. Figure  2 shows a plot of porosity versus compressional wave velocity for the samples listed in Table I . A least-squares fit of average velocity and porosity yields v" = 3.54 -3.81 1> (kmjsec) with a correlation coefficient of 0.92. A similar relation obtained by Morton (1975) for calcareous sediments having porosities in excess of 70% predicts velocities considerably higher than those observed in this study. The discrepancy may reflect a nonlinear relationship between velocity and porosity as predicted by theory (Wood, 1941; Shumway, 1960a, b) . However, velocities predicted by the emulsion equation (Wood, 1941) are significantly lower than the 0.1 kb.ar values of Figure 2 .
Velocity-density relations for the Leg 39 sediments are compared in Figure 3 with velocity-density data for DSDP basalts summarized by 'Christensen and Salisbury (1975) . In terms of compressional vel?city and density, the breccia is indistinguishable from hIghly altered, low density. basalts. The velocity of the dolostone, however, is about 0.5 kmjsec higher than the velocities of basalts having similar densities. Though the limestones and chalks show the expected increase in velocity with increasing density, the velocities of weathered basalts of corresponding density are approximately 1.0 kmjsec higher. Thus, A is negative when Vv exceeds Vh. Velocities are highest in the horizontal direction in 34 of 38 cases listed in Table 3 . A plot of anisotropy as a function of depth (Figure 4 ) illustrates that seismic anisotropy increases with depth at Site 356. The observed correlation of anisotropy with depth of burial suggests that this phenomenon is related to compaction andjor the age of the sediment. In addition, the abrupt increase in anisotropy at 450 meters depth implies that there is some correlation of anisotropy with lithology.
ANISOTROPY Shipboard velocity measurements, summarized in
Compressional wave velocities at in situ pressures (Table I ) support the shipboard measurments. For all samples in which anisotropy was measured, the horizontal velocity exceeds the vertical velocity, and anisotropy tends to increase with increasing density (Figure 3 ) and decreasing porosity (Figure 2 ). Anisotropies computed from velocities measured at 0.1 kbar are included in Figure 4 . Though anisotropy is enhanced by the confining pressure, the pattern is similar to that of the shipboard data. It is also significant that velocity anisotropy is observed in sediments recovered from Sites 354 and 357 as well as Site 356, with values ranging from 5.2% to 16.2%.
Though the Leg 39 sediments are highly calcareous rather than silty, the results of this study tend to substantiate Hamilton's (1970) (Christensen and Salisbury, 1975) . at depths of 400 to 600 meters. However, because of the calcareous nature of these samples, it is not clear that anisotropy can be attributed to mineral reorientation under compaction, as in the case of silts (Laughton, 1957; Ward et al., 1959 Ward et al., , 1965 . Cementation and recrystallization may well. be more imI;>0rtant~n producing the observed amsotropy.
The mcrease m anisotropy with decreasing porosi.t~suggests t~at the horizontal velocities are more sensItive to porosIty and velocities measured in the vertical direction, and independent regressions of v;, and V, on r/Jsupport this conclusion. The least-squares equations are 
